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(54) Method! and a p pa rat us! for! therapeutic! electro magnetic! treatment 

(57) A!therapeutic!treatment!device!foritreating!a 
treatment] region!comprising!an! incoherent,! pulsed,! light 
source operable to!provide!a!lightioutput!for!treatment, 
a! poweiisupply! connected! to! the! light] source,! a! housing 
including! a! reflector!and!having!an!opening,!wherein!the 
light! source! is! disposed! within! the! housing! and! the 
reflectoil reflects! lightifromithe! light] source! to! the! open- 
ing.! A! flexible! lightiguide! isidisposed! between!the!open- 
ing!and!the!treatment! region,! wherein! the! lightiguide 
receives! the! incoherent] lightifromithe! lightisourceiand 
tra ns m its! th e! I i g ht! to! t h e! treat m e nt! reg i o n! a n d! th e! I i g ht 
source,! reflector! and! light] guide! cooperate! to! provide 
between!6 and! 100 J/crrt to! the skin. 

The!light!guide!transmits! light] having! a! predeter- 
mined!angularidivergence,!wherein!the! divergence! is 
selected! in! response! to! a! desired! treatment] depth. 
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Description 

The! present! Invention! relates! generally! toithe! art! ofltherapeutic!electromagnetic!treatment! and! more! spec if icallyito 

a method! and apparatus fori utilizingla spatially! extended! pulsed li ghtisourceisuch asaflashlamp!(flash!tube)!forisuch 
s a! treatmentJorJemciently! focusing! I ightj from! the! flash lamp! into! optical! fi be re! fori therapeu^ 
tions. 

This!application! is! a! continuation-in-part! oflpriori co-pending! United! States!application!Seria I! No.!07/964,210,!filed 
Octobe r? 20,! 1992.!entitled!"Method! And! Apparatus! For!Therapeutic!Electromagnetic!Treatment." 

ltiis!known!in!the!prioiiartto use electromagnetic! radiation in! medical application fortherapeutic usesisuch as treat- 
ment of shin disorders.! Foriexample, U.S. Patent No. 4,298,005!to Mutzhas describes aicontinuous ultraviolet! lamp with 
cosmetic,! photobiological,! and! photochemical!applications.!A!treatment! based!on!using!the!UV! portion! ofltheispectrum 

and its photochemical!interaction withithe skin is described. The power? delivered to!the!skin!using!Mutzhas'!lamp!is 
describedias! 1 50Whm 2 , which does not have aisignificantieffect on skin temperature. 

Iniaddtion to priori art treatment! involving! UV light,! lasers have! been! used fordermatologicallprocedures, including 

rs Argon! lasers,! C0 2 lasers,! Nd(Yag)! lasers, Copperivapor lasers,! ruby! lasers! and dye lasers. Foriexample. U.S.! Patent 
No. 4,829,262 to!Furumoto,!describes!a!method!of!constructing!a dye laseriusediin dermatologylapplications. Two!skin 
conditions! which! may! be! treated! by! laseri radiation! are! external! skin! Irregularities! such! as! local! differences! in! the! pig- 
mentation! ori structure! of! the! skin,! and! vascular! disorders! lying! deeper! under! the! skin! which! cause! a! variety! of! skin 
abnormalities! including! porrJwineistains, telangiectasias, leg!veins!and!cherry!and!spideriangiomas.!LaseiitreatmentJof 

20 these! skin! disorders generally includes! localized! heating! of! the! treatment area by absorption of! laser radiation.! Heating 
the! shin! changes! ori corrects! the! skin! disorder! and! causes! the! full! or partial!disappearanceof!the!skin abnormality. 

Certain! external!disorders!such!as pigmented lesions! can also! beltreated! by! heating the skinlvery fast to aihigh 
enough!temperature!to!evapo rate! parts! oflthe!skin.! Deeper-lying! vasculaiidisorders!are! more! typical ly!treated! by! heat- 
ing! the blood to! a! high enoughltemperature to! cause! rrJto coagulate. The disorder will! then eventually! disappear.! To con- 

25 troti the treatment depth aipulsed radiation source!is!often!used.!The depth the heat'penetrates inithe bloodvessel j s 
controlled! by! controlling! the! pulse! width! of! the radiation source.iThe absorption and! scattering coefficientsiof theiskin 
also affecti the heaUpenetration. These coefficients! area function of the! constituents of skin!and!the wavelengthiof the 
radiation. Specifically, the absorption! coefficient' of light! inithe epidermis and! dermisitends to! be aislowly varying, 
Monotonically!decreasing function oflwavelength. Thus,!the wavelength!of the! lightishould be chosen so thatithe 

30 absorption coefficienti is! optimizedifor! the! particular! skin! condition! and! vessel! size being! treated. 

The! effectiveness! of! lasersifor applications such!as!tattoo removal! and! removal oflbirth and age! marls! is! dimin- 
ished because lasers are!monochromatic. A! laseri of! a! given! wavelength may! be! effectively used!to!treatia!firstitype!of 
skin! pigmentation! disorder,! but,! iflthe! specific! wavelength! oflthe! laseri is! not absorbed! efficiently! by skin! having a!second 
type! of! disorder,! itiwill! be! ineffective! fori the! second! type! of! skin! disorder.! Also,! lasers! are! usually! complicated,! expensive 

ss to!manufacture,!large!forithe!amountiof!power delivered, u n rel iable! a nd! difficult! to! maintain. 

The! wavelength! oflthe! light! also! affects! vasculari disorder! treatment! because! blood! content! in! the! vicinity! ofltheivas- 
cularidisordere varies, and blood contentiaffectsithe absorption coefficientiofltheitreatment area. Oxyhemogiobin!is!the 
main chromophore which! controlsithe! optical properties of! blood! and! has! strong! absorption! bands! inithe visible! region. 
Mo re! particularly,! the! strongest! absorption! peak! of oxyhemoglobin occurs! atJ418nm! and! has! a! band-width! of! 60nm.! Two 

w additionaliabsorption peals withl lower absorptionicoefficients occur atJ542!and 577nm.!The!total band-width!of these 
two! peals! is! on! the! order! of! 100nm.! Additionally,! light! in! the! wavelength! range! of! 500! to! 600nm! is! desirableiforithe! treat- 
ment! of! blood! vessel! disorders! of! the! ski nisi nee! it! is absorbed byithe! blood! and! penetrates! through!the! skin.! Longer 
wa ve lengths! up! to! 1000nm! are! also! effective! since! they! can! penetrate! deeper! into! the! skin,! heat! the! surrounding! tissue 
and,! iflthe! pulse-width! is! long! enough,! contribute! to! heating! the! blood! vessel! by! thermal! conductivity.! Also,! longer! wave- 

45 lengths! are! effective! fori treatment! of! larger! dia mete ri vessels! because! the! lower! absorption! coefficient! is compensated 
fori byithe! longer! path! of! light! in! the! vessel. 

Accordingly,!a!wide bandlelectromagnetic radiation!source!that!covers!the near UV!and!the!visible portion oflthe 
spectrum! would! be! desirable! foritreatmentJ of! external! skin! and! vascular! disorders.! The! overall! range! of! wavelengths! of 
the! light! source! should! be! sufficient! to! optimize! treatment! fori any! of! a! number! of! applications.! Such! aitherapeutic! elec- 

so tromagnetic! radiation device should also! be! capable! of providing an!optimal!wavelength!range withinithe overalllrange 
fortthe! specific! disorder! being treated. The! intensityiotlthe! lightishould! be!sufficientJto!cause!the!required!thermal!effect 
by!raising!the temperature ofltheitreatment area toithe! regtired temperature. Also,!the! pulse-width! should belvariable 
over! a! widelenough! range! so! as!to!achieve!the!optimal!penetration!depth!for!each!application.!Therefo re,! it'ls! desirable 
to! provide! a! light! source! having! a! wide! range! of! wavelengths,! which! can! be! selected! according! to! the! required! skin! treat- 

ss ment,!with a'controlled pulse-width and aihigh enough!energydensity!forapplication!tothe affected! area. 

Pulsed non-laseritype lightisourcesisuch as linear flashlampslprovidethese benefits. The! intensity of the emitted 
light! can belmade high enoughito! achieve the required thermal! effects.! The pulse-width can be!varied!oveiia!wide!range 
so that! control of thermal depth! penetration can belaccomplished. The typical spectrum! covers!the!visble and! ultraviolet 
range! and! the! optical! bands! most! effectiveifori specific! applications! can! be! selected,! ori enhanced! using! fluorescent 
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materials. Moreover,! non-laser!type lighti sources! such! asiflashlamps! are! much! simpler and!easier to! manufacture! than 
lasers,!are!significantly!less!ex p ensive!for!the same output poweriand! have the potential!oflbeing!more efficient and 

more! rel ia ble. ! They! have! a! wide! spectral! range! that! can! be! opt imizedlf or! a! varietyiofl specific! skin! treatment! applications. 
Theseisources also!have!a pulseilength that can be!varied!overa wide! range which!is!critical!forithe different!types!of 

skinitreatments. 

In! add itionlto! being! used!for!treating!skin!disorders,! lasers! have! been! used!for!invasive! medical! procedure s!such 
as!lithotripsy!and!removal!of!blood!vessel!blockage. In!such!invasive procedures laser! light! is coupled!to!optical fibers 

and!deliveredthrough!the!MartothetreatmentJarea. In lithotripsy the!fiber!delivers!light!from aipulsed laser to!a!kidney 
or! gallstone! and the! light interaction with! the! stone creates!a shock wave! which! pulverizes the! stone. To! remove! blood 

vessel! blockage the! lighti is coupled!to!the! blockage! by thefber!and!disintegrates the blockage. In! either case the! short- 
comings of lasers discussed! above with respectito laser! skin treatment are presentiAccordingly, a treatment! device! for 
lithotripsy! and! blockage! removal! utilizing! a!flashlamp!would! beidesirable. 

To! effectively! treati an! area! the! lighti from! the! source! must! be! focussed! on! the! treatment! area.! Coupling! pulsed! laser 
lighti into! optical! fbers! in! medicine! is! quite! common.! The! priori art! describes! coupling! isotropic! incoherent! point! sources 
such!as!CW!lamps!into!small optical fibers. For!example,!U.!S. PatentiNo. 4,757,431, issued!July!12, 1988, to!Cross,!at 
al.! discloses! a! methodiforifocusing! incoherent! point! sources! with! smallifilaments! or! an! arc! lamp! with! an electrode sep- 
aration of!2mm!into a small area. Point!(orismall)!sources are!relatively!easy to!focus!without large lossesiin energy 
because oflthe!small!size!oflthe!source.!Also,!U. S.iPatent No. 4,022,534. Issued! May! 10,! 1977,!to!Kshneridiscloses 
lighti produced by a!flash!tube!and!the! collection! of only a! small portion of! the! light! emitted by the tube into! an optical 
fiber. 

However,!the! large! dimension! of! an extended source! such! as! aiflashiamp! makes! it! difficultito! focus! large! fractions 
oflits energy intdsmall areas. Coupling!into!optical!fibers! is even!moredifficultisince!notionly!mustia!high energy! density 
be!achieved, butithe!angulartdistribution!oflthe!light has to be suchithat trapping | n !the optical fiber! can! be! accom- 
plished.! Thus,! iti is desirable to! have! a! system!for!coupling!the! output! of! a! high! intensity, extended, pulsed! lighti source 
into! anioptical! flier. 

According! to! a! first! embodiment! of! the! invention! a therapeutic treatment! device! comprises! a! housing! and! an! inco- 
herentilightisource,!suitably!a flashlamp,!operable!to! provide! a! pulsed lightioutputifor treatment,!disposed in!the!hous- 
ing.! The! housing! has! an opening!and is! suitable! for being!disposed!adjacentJa skin! treatment area. A! reflector! is 
mounted! withinithe! housing proximate the! lighti source,! and! at! least! one! opticalifitteii is! mounted proximate the opening 
in!the!housing.!An!lris! Is! mounted coextensively withithe opening.!Power!to the lamp is provided!by a variable pulse 
width!pulse!forming!circuit.!Thus,!the!treatment device! providesicontrolled density, filtered,! pulsed fightioutputithrough 
an!opening inithe! housing toaskin!area foiitreatment 

According to!a!second!embodiment!of the! invention! a! method! of! treatment! with! light energy comprises! the! steps! of 
providing! a! high! power,! pulsed! lighti output! from! a! non-laser,! incoherent! lighti source! and! directing! the! pulsed! lighti output 
to!a!treatment area. The! pulse!width!of!the!lightioutputiis!controlled!and!focussed!so!thatithe!power!density!of!the! light 
is! controlled.! Also,! the! lighti is! filtered! to! control! the! spectrum! of! the! light 

According! to! a! third! embodiment! of! the! invention! a! coupler! comprises! an! incoherent! lighti source! such! as! a toroidal 
flashlamp.! A! reflector! is! disposed! around! the! incoherentifight! source! and! at! least! one! optical! fiber! or! lighti guide. The 
fiber! has!an!end disposed withinithe! reflector.! This!end!collects!the!lightifrom!the! circular! lamp.! In! aisimilaii coupling! con- 
figurationifbers may!be!provided,!along withia! linearttoicirculariflieritransfer! unit disposed to receive lightifromithe! light 
source! and! provide! lighti to!the!optical!fibers.! The! reflector! has! an! elliptical! cross-section! in! a! plane parallel to!the!axis 
of! the! linear! flash! tube,! andithe! linear! flashitube! is! located! at! one! focus! of! the! ellipse! while! the! linear! to! circular! transfer 
unit! is! located! at! the! other! focus! of! the! ellipse. 

For! a! better! understanding! of! the! invention,! reference! is! made! to! the! accompanying! drawings.! In! which! like! numer- 
als! designate! corresponding! elements! or! sections! throughout,! and! in! which: 

Figure! 1! is! a! cross-sectional! view! of! an! incoherent,! pulsed! light! source! skin! treatment! device; 
Figure! 2! is! a! side! view! of! the! lighti source! of! Figure! 1 ; 

Figure! 3! is! a! schematic! diagram! of! a! pulse! forming! network! with! a! variable! pulse! widthifori use! with! the! skinitreat- 
mentideviceiof! Figures! 1!and!2; 

Figure!4!is a!cross-sectional!view!ofla coupleiifoiicoupling!lightifrom!a!toroidal!flash!tube!into!an optical fiberiwith 
a conical edge; 

Figure! 5! is!a side! view! of! a! toroidal flashitube; 
Figure! 6! is! a!top! view! of! aitoroidal! flash! tube; 
Figure!7!shows!the geometry foiicoupling!into!a!cortical!section; 

Figure! 8! is a !cross-sectional view! of! a coupler for! coupling! lightifrom! a! toroidaliflash tube into! an optical fiberiwith 
a! flat! edge; 

Figure! 9! is! a! front! sectional! view! of! a! coupler! fori coupling! lightifrom! a! linear! flash! tube! into! a! circular! fiber! bundle; 
Figure! 10! is! a! side! sectional! view! of! the! coupler! of! Figure! 9; 
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Figure! 11! is! a! front! view!ofla!coupler!foii coupling! lightlfrom! a! linearlf las h!tube!into!an!optical!fl bar; 

Figure! 12! is! a! front! view!of! a! couplerlfor! coupling! lightifrom! a! linearif las hltube! into! a! doped! optical! fiber; 

Figure! 13! is! a! schematic! configuration! of! a! gel! skin! Interface! with! a! transparent! plate; 

Figure! 14!shows! an! angularidistribution! of! photons! penetrating!without!using!a!gel; 

Figure! 15!shows! a! lightiguide! providing! a! large! angular! divergence; 

Figure! 16!shows! a! lightiguide! providing! a! narrow! angularidivergence; 

Figure 17! shows a!spectra! produced with a!flashlamp current! of! 200! amps; 

Figure 18!shows a!spectra!produced with!a!flashlamp!currentiof 200!amps;!and 

Figure! 1 9!shows!a!GTO!driveri circuit! fori a! tlashlanp. 

Inithe various figures,!like reference numeralsiare used!to!describe like components. 

Before!explaining!at least one!embociment!of the! Invention! in! detail! iti is to!be!understood thati the! invention! Is! not 
limited! in! its applicationitothe detailsiof construction and the arrangement'ofthe components setiforth! inithe following 
descri pt ion! or! il lust rated! i nit he! drawings.! The! invent ion! is! capable! of! other! embodiments! or! of! being! practiced! or! carried 
out! in various ways.! Also,! iti is to!be!understood thatithe phraseology and terminologylemployed herein! isiforithe! pur- 
pose! ofldescriptionland should! not be!regarded!as li miting. 

Refer ring!now!to FiguresM and!2,!cross-sectional!and side viers!of!an!incoherent,!pulsed lightisource skin treat- 
ment device!10!constructed!and!operated in accordance withithe principlesiof the present invention!are!shown.!The 
device!10!may!be!seen!to include!a!housing!12,! having aniopening therein, a handle 13 (Figure 2 only),!a! lightisource 

14! having! an! outer! glassitube! 15,! an! elliptical! reflector! 16,! a! set! of! optical! lifters! 18,! an iris20!and!adetector!22 (Figure 
Honly). 

Light! source! 14,! which! is! mounted! in! housing! 12,! may! be! a! typical! incoherent! lightisource! such! as! a! gas! filled! linear 
flash lamp! Mo del No. 15568!available from! ILC! The! spectrum! of! light emitted! by gas! filled! linear! flashlamp! 14 depends 
on! current! density, typeiof glass envelope material and!gas mixture used in!the!tube. ForJIarge currentidensities! (e.g., 
3000 NCm 2 or! more)! the! spectrum! is! similar! to! a! black! body! radiation! spectrum.! Typically ,!mosti of! the! energy! is! emitted 
inithe 300!to!1000nm!wavelength range. 

To!treatia!skin!(orivisible) disordera!required!light density onithe skin must be!delivered. This! light density can be 
achieved with! the! focusing arrangement shown!ln!Figures!1!and 2. Figure l showsia cross-section! view of! reflector! 16, 
also!mounted in!housing!12.!As!shown!ln Figure 1,! the! cross-section! ofl reflector! 16! In! a plane is perpendicular toithe 
axis! of! flash lamp! 14! is! an! ellipse.! Linear! flashlamp! 14! Is! located! at! one! focus! of! the! ellipse! and! reflector! 1 6! is positioned 
in! such a! way thati the! treatment! area! of! skin!21! is! located! at! the! otheiifocus.! The arrangement shown! Is! similar! toifocus- 
ing arrangements!used with!Lasers!and!efficiently!couples!rightfromflashlamp 14!to!the!skin.!This arrangementshould 
not, however,! be! considered limiting.! Elliptical! reflector! 1 6 may! be a! metallic! reflector, typically! polished aluminum! which 
is! an! easily! machinable! reflector! and! has! a! very! high! reflectivity! inithe! visible,! and! the! UV! range! of! the! spectrum! can! be 
used.! Other bare or coated metals! can also! be usedifoiithis purpose. 

Optical and neutral densityfilers 18 are!mounted!in!housing 12!near theitreatment area!and maybeJmoved into 
the beam!or outofthe beam!to control!the!spectrum!and!intensity!of!the!light!Typically, 50!to 100nm bandwidth filters, 
as! well! as! low! cutoff! filers! in! the! visible! and! ultraviolet! portions! of! the! spectrum,! are! used.! In! some procedures it! is 
desirable to!use!mostiof!the!spectrum,!with!only!the UV!portion!being cutioff.!ln!other applications, mainlyifor deeper 
penetration, iti is preferable to! use! narrower! bandwidths.!The!bandwidth!filters and theicutofflfilters are!readily!available 
commercially. 

Glassitube! 1 5 ISlocatedicoaxially with! flashlamp! 14! and! has! fluorescent! material! deposited! on! it.! Glassitube! 1 5! will 
typically! be! usedifori treatment! of! coagulation! of! blood! vessels! to! optimize! the! energy! efficiency! of! device! 10.! The! fluo- 
rescent! material! can! be! chosen! to! absorb! the! IN! portion! of! the! spectrum! oflflash lamp! 14 and!generate light! inithe 500 
to!650nm! range! thati is! optimized! for! absorption! in! the! blood.! Similar! mate rials! are coated onithe! inner! walls! of! commer- 
cia I! fluorescent! lamps.! Aitypical! material! usedito generate "warm! white! light! in!fluorescenti lamps! has! a! conversion! effi- 
ciency! of! 80%,! has! a! peak! emission! wavelength! of! 570nm! and! has! a! bandwidth! of! 70nm! and! is! usefulifor! absorption! in 
blood.! The! few! millisecond! decay! time! of! these! phosphors! is! consistent! with! long! pulses! that! are! requ iredifoii the! treat- 
ment! of! blood! vessels. 

Other! shapes! or! configurations! of! flashlamp! 14! such! as! circular,! helical,! short! arc! and! multiple! linear! flashlamps 
may! be used.! Reflector! 16 may! have other designs such! as parabolic or! circular! reflectors.! The! light! source! can also!be 
used without a!reflector!andthe required!energy!and!power!density!maybe!achieved!by locating! lightisource 14 iniclose 
proximity! to! the! treatment! area. 

Iris!20! is! mounted! in! housing! 12 between optical!filters!18!and!the!treatmentiarea!and!controls!the!length!and!the 
width of the exposediarea, i.e. bylcollimating the!output!of!flashlamp! 14.! The! lengthioflflashlamp! 14!controls!the! maxi- 
mum! lengthithatican! be exposed.!Typically a n!8cm! long! (arc! length )!tube! will! be! used! and!only!the!central!5cm!of!the 
tube is exposed. Using!the!central!5cm!assures!a!high degree ofluniformityiof energy!density inithe exposed skin area. 
Thus,!ln!this!embodimentithe!iris!20!(also called a!collimator)!will enable!exposure!of skin areas!of!a maximum length 
of! 5cm.! The! iris! 20! may! be! closed! to! provide! a! minimum! exposure! length! of! one! millimeter.! Similarly,! the! width! of! the 
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exposed!skin!area! can! be! controlled! inlthe! range! of! 1!to!5mm!for! a! 5m m!wide!tlashlamp.!Larger!exposed!areas!can!be 
easily! achieved! by! using! longer! flash!tubes! or! multiple!tubes ,! and!s mailer! expos ure!areas!are! obtainable!with!an!lris 

that! more! completely! col limateslthe! beam.! The! present! invention! provides! a! larger! exposure! are a! compared! to! prior! art 



longer!section!oflthe!vessel!is!more!effective!ln!coagulating!it.!The! larger!area!exposed!simultaneously!also!reduces!the 
required! procedureitime. 

Detedori22!(Figure!1)!is!mounted!outside!housing!12!and!monitors!the!light'refleded!fro 
combined! with! optical!f iters! 1^^ 

tion!and!absorption!coefficients! ofithe!skin.!This!may!be! carried!out!at!a!low!energy!density!level!prioiito!the!application 
ofl the! main! treatment! pulse .! Measurement! ofl the! optical! pro pertiesiofl the! skin! priorito! the! application!oflthe!main!pulse 
is! useful!to!determine!optimal!treatment' conditions.! As! stated! above ,!the! wide! spectrum!oflthe! light' em itted!from!the 
non-laseritype!source!enables!investigation!oflthe!skin!overia!wide!spectral!range!and!choice!ofloptimal^^ 
wavelengths. 

ln!an!alternative!embodimentJdetector!22!o^ 
measurement!ofithe!skin!during!its! exposure!to!the!pulsed!light!source.!This! is!useful!for!skin!thermolysis!applications 
with!long!pulses!ln!which!lightiis!absorbed!ln!the!epidermis!and!dermis.!When!the!external!portion!ofl 
reaches!too!high!a!temperature,! permanent!scarring!oflthe!skin!may! resultJThusJtheltemperatureSoflthelskinSshould! be 
measured.!This!can!be!realized!using!infra-red!emission!oflthe!heated!skinJto!prevent'over-exposum 

A!typical!real-time!detector!system!would!measure!the!infra-red!emission! oflthe!skin!at!two!specifidwavelengths! by 
using! two! dete cto rs! a n d! f i Ite r s .! T he! ratio! between!the! signals! oflthe!two!detectors! can! be! us ed! to! esti m atelth e! i n sta n - 
taneous!skin!temperature.!The!operation! ofithe!pulsed!fight!source!can! be! stopped! ifi a!preselected!skin!temperature!is 
reached.!This!measurement!is! relatively!easy!since!the!temperature!threshold!fortpulsed!heating!that'may!cause!skin 
scarring! Is! on! the! order! ofl 50°C! or! more,! which! Is! easily! measurable! using! infra-red! emission. 

Theidepth! ofl heat! penetration! depends!on!the!fight! absorption! and! scattering! in!the!diffe rent! layers! oflthe!skin!and 
the!thermal! properties! oflthe!skin.! Mother! Important' parameter!is! pulse-width.! For! a! pulsed!fight'source,!the!energy!of 

ayerjthe! depth! ofl heat' i 

pulse! can! belwritten! as! shown! in! Equation! 1: 



1rz 

d 4[kdt/Cp] (Eq. 1 ) 



where 



k!= heat! conductivityioflthe! material! being! illuminated; 

At a the! pulse-width! oflthe! light! pulse; 
C!= t he! h eati ca p acity ! ofl t h e! m ate r i a I ; 
density! oflthe! material. 



a 



It! is! clearifrom! Equation! 1!thati the! depth! ofl heatanetration! 'can! be! controlled! by! the! pulse-width! of! the! fight! source. 
Thusja variation of! pulse-width! in! the! range! of! 1 0' sedtoMO' sedwill! result! iirn!a variation in the!thermal! penetration 
by!a!factor!ofl100. 

Accordingly,!the!flashlarrp!14!provides!a!pulse!width!of!from!10' 5 sedtoMO' 1 sec! Fori treatment! of! vascular! disor- 
ders! in! which! coagulation! of! blood! vessels! in! the! skin! is! the! objective! the! pulse! length! is! chosen! to! un iformly! heat! as 
much!ofl the!entire!thickness!oflthe!vessel!as! possble!to!achieve! efficient!coagulation.!Typical!blood!vessels!tharJneed 
to!be!treated!in!the!skin! have!thiGmesses!in!the! range!ofl0.5mm.!Thus,!the!optimal!pulse-width,!taking!into!account!the 
thermal! properties! ofl blood,! is! on! the! order! ofl 100msec! lflshorteripulses!are!used,!heat!will!still!be! conducted!through 
the!blood!to!cause!coagulation, however, the instantaneous temperatu re! ofl part! of! the! blood! i n! the vessel andisurround- 
ing!tissue!will!be!higher!than! the temperature required!for!coagulation!and!may!cause!unwanted!damage. 

Foritreatmentiof! external!skin!disorders!in!which!evaporation!oflthe!skin!is!the!objective,!a!very!shorrjpulse-width!is 
used! to provide for very shallowithermal penetration oflthe!skin.!Forexample, a! 1 0' 5 sedpulse!will penetrate (by!thermal 
conductivity)! a!depth!oflthe!order! ofl only! 5!microns!into!the!skin.!Thus,!only! a! thin! layeriofl skin! is! heated,!and!a!very 
high, InstantaneousJtemperature is obtained so! that! the! external! ma rk! on! th e! skin! is evaporated. 

F ig u re! 3! shows! a variab le! p ulse-width pulse!forming!circuit comprised ofl a! plurality! ofl Individual! pulselforming! net- 
works! (PFN's)! that create the variation In pulse-widths oflflashlarrp! 14.!The!light! pulse!full!width!at! half! maximum 
(FWHM)!of afiashlamp driven bye!single!elementiPFN with capacitance C!and!inductance!Uis approximatelyiequal to: 

xa 

At!.!2[LC] (Eq.!2) 

Flashlamp!14 may! be!driven!by!three!different'PFN l s ) !as!shown!in!Figure!3.!The relay contacts!RI', R2'!and!R31are 
used! to! select! among! three! capacitors! CI,! C2! and! C3! that! are! charged! by! the! high voltage power! supply.! Relays! R1 , 
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R2!and!R3!are!used to!select!the!PFN!that!will be!connected to flashlamp 14.!The! high voltage switches!S1, S2!and!S3 
a re! usedlto! disc ha rge!the!energy! stored! in!the!capacitor!of!the!PFN!into!flash lamp! 14.! In! one! embodiment! Lt,!1.2!and 
L3 have values! ofl 100mH,!1mH and 5mH, respectively,!and CI, C2 and 03 have values!of!100mF 1mF and 10mF, 
respectively. 

ln!addition!to!the! possibility! ofl firing! each! PFN! separately,! which! generates!the!basic!variability! In! pulse-width ,!addi- 
tional variation can be!achieved!byfiring!PFN's sequentially. ff,!for example, twdPFN's having pulse-width!MI and M2 
are!fired,!so!thatithe second!PFN is!tired!alterthefirst pulse!has!decayed!to half of its amplitude,!then!an!effective light 
pulse-width!of t his operationiof the!system!will be!given!by the relation: 4t!-! Alt! +!412! . 

The!charging!power!supply!typically!has!a!voltage!range!of!500V!to!5kU.!The!relays!should!therefore!be!high volt- 
age! relays thatican lsolate!these!voltages!reliably.!The switches S!are!capable!of!carrying!the current of!flashlamp!14 
and!to! isolate the reverse!high!voltage!generated iflthe PFNs!are!sequentially fired. Solid-state switches, ivacuum 
switches or! gas switchesican be!used!forthis purpose. 

Aisimmer power!supply (notishown! in Figure!3)!may!be!used!to!keep the flashlamp in!a low currenticonducting 
mode.iOther configurations can be!used!to!achieve!pulse-width!variation, such as theiuse ofla single PFN!and!a crow- 
barswitch, or use ofla switch!with!closing and!opening!capabilities. 

Typically,! for operation oflflashlamp! 14! with! an! electrical! pulse-width! ofl 1!to l Omsec,! a! linear electrical energy! den- 
sityiinput of!100!to!300J/cm can be used.iAn energy density of!30!to 100J/cnn 2 can be!achieved!on theiskin fora typical 
flashlanp!bore!diameter!of 5mm. The use!of!a 500 to 650nm bandwidth!transmits!20%!oflthe!incidentienergy.!Thus. 
energy densities!on!the!skin!ofl6!to!20J/em 2 are!achieved. The incorporationiof the fluorescent material!will!further 
extend the! output! radiation!in!the desired!range, enabling!the!same!exposure!oflthe!skin!with a'lower!energy inputiinto 
flashlamp! 14. 

Pulsed! laseriskin!treatment!shows!that energy densities! inithe range of 0.5 toMOJ/an* with pulse-widths in the 
range! of!0.5msec!are!generally!effective!for!treating!vascular!related!skin!disorders.!This! range! of! parameters! fallsMn 
the range! ofloperation! ofl pulsed! non-laser! type lightisources!suchasthe!lineariflashlamp.!Afewsteps of neutral density 
glass!filters 18can also! be! usedlto! control the energy!density!on the skin. 

For!external!disorders!atypical! pulse JwidthJofl 5! microsecond is! used .!A!20J/cm! electrical energy density! input! into 
a 5mm bore flashlamp! results! in! an energyldensity on the skin! ofl lOJ/an* Cutting! off the! hard! UV!portion!of!the spec- 
trum! results! in 90%!energy transmission, or!skin!exposure!to!an!energy density of dose to! 10 J/an* This energy den- 
sity! is! h ig h! e no ug h! to! eva po rate! exte r na I! m a rks! o n! the! skin. 

Device! 10!can be! provided as!two!units:!a!lightweightiunit held!by!a physician! using handle 13,!with!the hand-held 
uniticontainingiflashlamp! 14,!filers! 18!and!iris 20!that!togethercontrol!the!spectrum andtheisize of the exposed!area 
andthe detectors that measure the reflectivity! andithe instantaneous! skin temperature. The power supply,!the!PFN's 
and!the electrical controlsiare contained in!a separate! box (notishown )!that! is connecteditothe hand-held unitvia'aflex- 
ible cable. This enables!ease! ofloperation and easy access totheareas!of the!skin!that need!to!be!treated. 

The! Invention has thusifar been descrbed in!conjunction!with!skin treatment.! However, using a!flashlamp rather 
than! a! laser! in! invasive! treatments! provides! ad vantages! as! well.! Procedures! such! as! lithotripsy! or! removal! of blood ves- 
sel blockage! may! be! performed with a!flashlamp. Such! a! device! may be similarto!that!shown ln!Figures!1 and!2,!and 
may!use!the!electronics!oflFigure 3 to produce the!flash.!However,!to properly!couple the!lightito!an optical fiberia 
numberof!couplers!40,!80!and!90 are!shown!in!Figures 4!and 8-10, respectively. 

Coupler40 includes anioptical source of high! Intensity incoherent and! isotropic pulsed lightisuch as!a lineariflash 
tube!42,!a lightireflector44 which!delivers!the!fight energyto!an!optical!fileri46.!The! latter! has a!generally conical edge 
in! the! embodiment! ofl Figure!4.! Optical! fiber! 46! transfers! theilighti from! light! collection! system! 44! to! the! treatment! area. 
In! general,! coupler! 40! couples! pulsed! light! from! a! flash! tube! into! an! optica I! fiber! and! has! applications! in! medical,! indus- 
trial! and! domestic! areas. 

For! example,! coupler! 40! may! be! used! in! material! processing! to! rapidly! heat! or! ablate! a portion ofla material being 
processed, or!to induce! a photo-chemical! process.! Alternatively, coupler!40!may be! used in a!photography!application 
to! provide! a flash! for! picture! taking.! Using! such a coupler!would!allow!the!flash!bulb!to beMocated insideithe camera, 
with! the! light! transmitted! to! outside! the! camera! using! an! optical! fiber.! As! one! skilled! in! the! art! should! recognize! coupler 
40!allows!the!use!oflincoherent!light!in manyiapplications thaticoherentioriincoherent! light has!been!used ln!the!past 

To provide for!coupling!the!lightito!an optical fiber,!flash tube!42 has! a toroidal! shape, shown! in Figures! 5! and! 6, 
and is dsposed inside! reflector!44.! In addition to! the toroidal!shape other shapes, such!as!a! continuous! helix, may!be 
used for! flash tube!42.!However,!a!helical!tube Is more difficultito! manufacture than a toroidal tube.! Referring! nowito 
Figure 6.flash!tube 42 is generally inithe shape oflaitours,! but! is! not a!perfect tours!sincethe!electrodes!located atithe 
end! ofl the! tours! have! to! be! connected! to! the! power! source.! This! does! not! create! a! significant! disturbance! in! the! circular 
shapeioflflash tube!42, since!the!connection!to!the electrodes can be!made quite! small. 

Reflector 44 collects! and concentrates the! light,! and! has! a! cross-section! of substantially an! ellipse,! in! a plane per- 
pendicularito the! minor! axis of the toroidal flash! tube 42. The! major! axis of this ellipse! preferably forms a small angle 
withithe! major! axis ofltoroidal!lamp!42. The! exact value!oflthe!angle!between the ellipse axis and the! main! axis ofl lamp 
42!depends!on the!Numerical!Aperture!(NA)!oflthe optical fber.iThe toroidal flash!tube!is positioned soithati its! minor 
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axis! coincides! with!the!focus!offthe! ellipse 
may!be!machined!from!metal!with!the!innei1surfaces!polished!foi1good!refl 

withlhigh! reflectivityiln! the! visibleiand! ultraviolet! wavelengths,! and! iti may! be! usedlfor! this! purpose.! The! reflector! can! be 
machined!in!one!piece!and!then!cut'along!a!surface!perpendicular!to!the!main!axis!oflthe!deviceJThis!w 
5 gration!oflthe!torddal!flash!tube!into!the!device 

As!shown!ln!Figure!4,!the!edge!ofloptical!fber!46!ls!a!cone!with!a!small!opening!angleJso!thati 
fberiexposed!to!the!light!from!the!flash!tube!is!increased.!Referring!now!to!Figure! 7!the!geometry!for!coupling!light!into 
a!conical!tip!is!shown.! ltMs!assumed!here!thatithe!lighticomes!from!a!region!in!space!with!a!refractive!lndex!ofin 2 and 
that'the!conical!section!oflthe!fiber!(as!well!as!the!restioflthe!fber!core)!has!a!refractive!index!ofln t . 
ro Not! allithe! light! rays! hitting! the! cone! are! trapped! in! it .! For! light! raysithat! propagate! In! a! plane! thai! contains! the! major 
axis!oflthe!system,!a!condition!can!be!derived!for!the!angle!ofla! ray!that'will!be!trapped!and!absorbed!in!the!fiber.!This 
condition! is! shown! in! Equation! 3. 

Sin!( p an)!-!Cos (5)!-(n t2m 2 ^ "sin (5) ( E <- !3 ) 

15 

Light' will beltrapped in the!conical!portion!oflthe!optical!fiber ifl the! incidence angle p!| s largerithan calculated 
from Equation 3.!Trapping!is!possble!onlyiif!n h ,n2-! Iflthe! medium!outside!of!the!fber! is!air,!n 2 -1 -!Notiall!oflthe! light 
trapped in!the!conical!section!oflthe!fiber!will!also!be trapped in! the! stra ig ht! po rtio n! ofl the! f i be ri ifl a! f lie ri with! a! core! and 
a! cladding! is! used.! Ifl a!fiber!with!a!core!and! no! cladding! is! used! (air! cladding),! then!all! the! rays! captured! in!the! conical 

20 section!oflthe!fibeiiwill!also!be trapped in!the!straight!section!oflthe!fbar. 

The! configuration! shown! in! Figure 4 canalso!be!used withla fluid filling! the volume!betweenthe!reflector!and!the 
optical!fiber.! A very convenientifluidifoflthis purpose may! be! water.! Water! is! also!very effective in cooling the Oashlarnp 
if high!repetition!rate!pulses!are!used. The presence ofl a! f I u id! red u ces! the! losses! tharJ are associated with glass!to!air 
transitionsJsuch!as!the!transition!between!tne!flashlamp!envelope!material!and!air.!lfla!fluid!is!used!in!the! reflectorlvol - 

2s umejthen! its! refractive! index! can! be! chosen! suchithati allithe! rays trapped In! the! conical! section! are! also! trapped! in! the 
fiber,!even!iflcore/cladding!fibers!are!used. 

Mother! way! oflconfiguring! the!fberi in! the! reflector! is! by! using!a!fiber! with!a!flat edge. This configuration is!shown 
ln!figure! 8! and! has trapping!efficiency!very close! to!the!trapping!efficiency! oflthe! conical edge. Many!other!shapes!of 
the!fibeiiedgeJsuch!as!spherical!shapesJcan!also!be!used.!The!configuration!oflthe!fiber!edge!also!ha 

ao the! distrbution! oflthe! I ight'on!the! exit's ide!oflthe!fiber! and! it! can! be! chosen! in! accordance!with!the!specific!application 
oflthe!device. 

The!device!may!be!used withia variety of!optical!fibers.!Single,!or!a!small!number!oflmillimeter!ori sub-millimeter 
d ia meter! fbers,! will! typically! be! used! in! invasive! medicallapplications.! ln!otheriapplications,! particularly! in! industrialland 
donnestic!applications,!itimay!be!preferable!to!use! a!fibeiihaving!a!largeridiameter,!or!a!larger!bundle!oflf!bers,!or!a!light 
35 guide. 

According!to!one!embodimentiflexible!or!rigid!light!guides!are!used!to! couple!the!lightito!the!treatmentiarea.!Flexible 
I ig hti g u id es! made! from! a! b u nd le! ofl q uartz! or! oth eri g lass! f i bers that'are fused together!by!heatiatithe!edge ofthe bun- 
dles. The!bundles!may!be!circular, rectangular, oriany!otheriuseful!shape.!Rigid!light guides mayibe made fromiquartz, 
acrylic,! glass,! oil other! materials! having! a! high degree of transparency. The! material! is generallyihighly! polished oniall 
40 sides. 

A! typical! cross! section!ofl a!circulari lighti guide! useful!fori therapeutic! treatment! Is! one! mm! to! ten! mm! in!diameter. 
Alternatively,! a! rectangular! light! guide! maybe! used! havingitypical! dimensions! ofl 3! mm! by! 10! mm! to! 30! mm! by! 100! mm. 
In! either! case! the! length! may! be! 20! to! 300! mmm,! or! as! needed!for! the! specific! application . 

According! to!anotherialternative!embodimentia!rectangularilightiguide! is! used!to!more! efficiently!couple!the!light. 
45 The! rectangularilightiguide!is!chosen!to!have! a!shape!that!matches!a! rectangularilineariflashlamp!and! to!match! the 
shape! ofl the! vessel! being! treated . 

The!light!guides!described!above!may! be! usediin! anotherialternativeiembodiment! to! control! the! spectrum! ofl light 
delivered!to!the!treatmentiarea.!Spectral! control!can!be!achieved!by!making!the!light!guide!from!a!material!that!had!an 
absorbing!dye!dissolved!therein.!Thus,!lightitransmitted!by!the!light!guide!will!have!a!spectrum!in!as!determined!by!the 
so absorbing! dye. Alternatively, a flat,!discrete!filter! may! be! added to one!end!(preferably!the!input end) ofthe! light! guide. 
Both! ofl these! f i Ite rs! a re absorbing filters.! The! inventors! have!found!that absorbing filters produced!by Schott,! having 
Model!Nos.!00515,!OG550,!OG570,!and!00590!have!suitable!characteristics. 

Additionally,! interference!filters!or!reflective!coatings!on!the! light' guide! may! be! used! by! applying! a! properioptical 
coating!to!the!light'guide.!Again,!a!single!discrete!interference!filter!could!also!be!used.! Additionally,!combinations!of 
55 the!various!filters!described!herein,M 

use!oflthe filters described!earlier with reference to!Figure!1!redundant. 

An alternativeiembodiment entails!the!use! of application specific!lightiguides.!ln!this!way!the spectra ofl lightifor! var- 
ious! treatmen ts! can! be easily! controlled. According!to!this alternative each!type!ofltreatmentiwill!be performed withla 
specific! light! guide. 
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The!optical!properties!oflthe!tight!guide!will!be!ch^ below 
are!particularly!useful!forithe!respective!treatments: 
arteries!less!than!0.1!mm!in!diameter!-!520 650nm 
veins!less!than!0.1!mm!ln!diameter!-!520700nm 
vessels!between!0.1!and!1.0!mm!in!diameter!-!550-1000nm 
larger!vessels!-!600 1000nm 

In! each! case! ifltheiskin! is!darkeri(higher!pigmentation)!longeriwavelengths!on!the! lowericut-offl portion! ofltheispectrum 
should! be! used. 

Multiple! spectra! maybe! used!for!optimal!penetration.!This!maybe!accomplished! by! illuminating!with!a!few! pulses, 
ro each! having! adifferenl! spectrum .! For! example ,! the! first! pulse! can! have! a! spectrum! that! Is! highly! absorbed! in! blood. !This 
pulseiwill! coagulate! the!blood,!thereby!changing!the!optical!properties!oflthe!blood,! making! itimore! absorbing! inianother 
wavelength! range! (preferably! longer).! A! second! pulse will be!more!efficiently!absorbed!since!the!blood!absorbs!energy 
ofla!greater!wavelength! range.! This! principle! may! be!used!with!lasers!or!other! light' sources! as!well. 

I n!addition!to!the! features! oflthe!light!guides! discussed! above,! a! light! guide! is! used ,!in!one!alternative!embodiment, 
rs to! control!the!angular!distribution!oflthe! light! rays! impinging!on!the!skin.!Ligh1ithat! Impinges! onithe! skin! at! large! angles 
(relative!to!the! perpendicular)! will! not' penetrate! very! deeply! into! the! tissue. (Conversely,! light' that' im pinges! perpend ic- 
ularlyito! the! skin! will! have! a! deeper! penetration.! Thus,! it! is! desirableito! provide! a!distribution!ofl light rays that'has!a'rel- 
atively!wide!angular!divergence!when!the! treatment' requires!shallow!penetration.!Alternatively,!a!narrow!divergence!is 
preferable!for!treatmentirequiring!deep! penetration! is!desired.!Some!treatmentJnighti require! both!shallow!and!deep 
20 penetration. 

Figure!15!shows!a!light'guide!115!having!an!exit'beam!with!a!greater!angular!divergence!than!that'oflthe!entrance 
beam.lAsJshownJInJFigureJIS.JaJbeamHieientersJIight'guideJIISJat'aJsmallJangle.JrelativeJtoJtheJaxisJoflfight'guidelllS. 
When!beam!501!exits!light'guide!115.!the!angle,!relative!to!the!axis,!is!much!greater.!The!tapered!shape!ofllig 
119enhances!th is! divergence, 
as Figure!16!shows!a!straight'light'guide!118!that'maintains!the!angular!distrbution!oflthe!rays!ofllight!that'enteri 
it. A! beam! 11 9! is! shown! entering! and! exiting! I ightiguide!11 8! with!t he! same! angle,! relative!td the! axis! of! coupler!601. 
Alternate! use! ofl both! light! guides! 11 5! and! 11 8! can! achieve!the! narrow! and! deep! penetration! discussed!above.!Alterna 
tively,!the! user! can! select' the! type! ofl coupler! according!to!the! depth! of! penetration! needed!for!the!treatment'being! per- 
formed. 

30 Figures!9!and!10!show!a!coupleri90!foricoupling!a!lineariflash!tube!92!through!a!linearito!circulaiifiber!transfer!unit 
94!to!a!flber! bundle! 96.! A! reflector! 98!has!an!elliptical!cross-section,!shown!in!Figure!10,! in! a! plane! pa rallel!to!the!axis 
ofllinear!flash!tube!92!in!this!embodiment'Tube!92!is!located!on!one!focus!oflthe!ellipse!while!the!linear!side!ofllinear 
to! circular! bundle! converter! 94! is! located! at! the! other! focus! oflthe! ellipse.! This! configuration! is! relatively!simple!to!man- 
ufacture!and!commercially!available!linearitdcirculaHconverters!such!as!25-0044'available!from!General!Fiber!Optics 

35 may! be! usedJThis! configuration! is! particularly! usefulifor! larger! exposure!areas!oflthe!finer,!or!for!f lash! illumination! pur- 
poses. 

The!energy!and!power!densities!that'can!be! achieved! by!this!invention!are!high!enough!to!get'the!desired! effects 
in!surface!treatment'orfmedical!applications.!Forf 

ties! can! be! esti mated! as!follows.!Foa!typical!toroidal! lamp! with! a'4mm! bore! diameter!and!a! major! diameter!ofl 3.3cm 
40 an!electrical!linear!energy!density!input'of!10J/cm!into!the!lamp!can!be!used!with!a!5p.sec!pulse!width.!The!light!output 
ofithe!lamp!will!be!5!to!6J/cm!forioptimal!electrical!operating!conditions.!Forithe!reflectorishown!in!Fi Joflthe 
light! generated! in! the! lamp!will!reach!the!lower!focus.!Thus,!a!total!energy! flux! on!the!focus! of!25!to!30J!may!be 
obtained.! For! em bodiments!shown! in! Figure!4!or!Figure!8!the!total! cross-section! area!oflreflector!at!the!focal! plane! has 
a!cross-section!ofl0.8cm 2 .!Energy!densities!on!the!order!ofl30!to!40J/cm 2 at!the!entrance!to!the!fiber!should!be!attained 
45 with!this!cross-section.!This!corresponds!to!power!densities!ofl5!to!10M!W/cm 2 , which!are!the!typical!power!densities 
used! in! medicalior! material! processingiapplications. 

For! longertpulses,! higher! Iinear!electrical!energy! densities! into! the! lamp! can! beiused.! For!a!1!msec!pulse!to!the!flash 
tube!a!linearfelectrical!energy!density!ofl100Jfc^ 

would! be! up! to! 300J/cm 2 JSucNenergy! densities! are! very! effective! in! industrial!cleaning! and! processingiapplications! as 

so well!as!in!medcal!applications. 

A lternative!embodiments!for!coupling!the! optical! fiber!to!an!extended!light'source!such! as! a'linear!flashlamp!are 
shown!in!Figures!11!and!12.!ln!the!embodiment!oflFigure!11!an!optical!User!101!is!wound! around! a! Iamp!102!and!a 
lampJenvelope!103.!Some!oflthe!lightithat'is! produced! by!the! light' source! is!cou pled! Intdthe! fiber.! IfltheNight' rays!are 
propagating! in!the!direction!that'is!trapped!by!the!fiber!then!this!light'will! propagate! in!the!fber!and! it' can!be!used!at'a 

es f iber!output' 104.! One! limitation! ofl this! configuration! is! the!fact!that' most' ofl the! light' emitted! by! lam p!1 03!travels!in!a 
direction! perpendicu la r!to!the!surface!ofllamp!103!and!cannot'be!trapped!in!fi be r!101. 

The!embodiment'shown!in!Figure!12!overcomes!this!problem.!A!doped!optical!fber!1051s!wound!around!lamp!102 
and! envelopeM 03 ,!rather!than!an!undoped!User!such!as!fiber!101!oflFigure!11.!The!dopantJ is! a!fluorescent! material 
which! isiexcited! by!the!radiation!emanating!from! Iamp!102!and! radiates!light!inside!the!fiber.! This! light! is! radiated! Omni- 
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directionallyiand the!partioflitithatiis!within!the!critical angle of fber!105 is!trapped!and propagates through the!fber!and 
can be!used!at!fber!output 104.!The anglelof lightithatJ is trapped inithe fber is!the!critical!angle!of!the!material!from 
whichlthe optical fiber! or optical!wave!guide is made.!For a fber (or optical!wave!guide) in! airithis angle is given! by 
sinia.Un. 

s Typicallyforglassoriothertransparent'materials n! .1 .5 and a! . 41 .8°. This corresponds toiatrapping efficiencyiof 

morelthan! 10%! oflthe! light emitted by fluorescence inside!the!fber.! If! we! assume! a 50% efficiency! oflthe fluorescence 
process! we find outthat more than 5%!of the! light produced! by the lamp is trapped!and!propagated!down theifber. For 
example, a 4'!lampwith!a!linearelectrical!energy input of 300J/lnch and!50% electricalito! light conversion efficiency 
wouldicouple 2.5%!of! its! electrical energy into!the!fber.!This corresponds, forithe!4" lamp!case toaltotal light energy Q f 
ra 30 J! of! light! This embodiment hasithe additional!advantage!of!transferring the wavelength!emitted!by the lamplto a 
wavelength! that! may! be! more! useful! in! some! oflthe!therapeutic!ortprocessing!applications! mentioned! before.! Thus,!flu- 
orescent'material!doped in!the!fiberican be chosen! in accordance with! an! emission! wavelength determinedlby the! spe- 
cific application oflthe! device. 

One alternative!embodimentincludes!the!use!ofla ge | to couplethe!lightito!the!skin.!This alternativelreduces heat- 
hs in g! oflthe! outer layer oflthe! skin! (the epidermis!and!upper! layers oflthe! dermis).! The gel j s preferablyla high! viscosity 
water based gel and is applied to!the!skin beforeltreatment, although! other! gelsithat are not necessarily water based 
may!be used.iA gel! having! a! relatively high heat'capacity!andthermal!conductivity,!such as aiwater basedlgel, isipref- 
erable!to!enable cooling of theiouter skin (the epidermis in particular).!Transparency is also!desirable!because during 
treatmenti light passeslthroughthe transparent!gel!and!reaches the skin. 

Referring nowto!Figure 13. !a gel 1 10! isappliedltothe skin!21 priorto thetreatment A!flat layer! of! gel! on topofthe 
skin! is used since irregularities inithe up per! layer! of the gel through!which!the!light passes may!cause!scattering!oflthe 
light andlreduce its penetration into!the!skin.! In orderto achi eve this! flatness a solid, transparent, fiat piece 111 maybe 
applied on top oflthe!skin.!The!configuration! isishown schematically in!Figure!13.!The transparent'plate can belmade 
out of glass or other transparent' materials. Eitherithe flashlamp housing or the! light guides!discussed!above!may!be 
25 placed ln!directicontactiwith!the transparent'plate. 

The configurationiof Figure 13 hasithe advantage!of reducing!the!scattering of light (represented!by arrows! 1 13) 
that! enters! into!the!skin!due!to! Irregularities! inithe! surface! oflthe! skin.! The! skin! has! an! Index! of! refraction! that! Is! larger 
than! that! oflthe! air.! As! a! result,! any! photon! that! impinges! on! the! airi skin! interface! is deflected iflit!does!not!hit!the!skin 
at!an!incidence!angle! oflM.! Since! the!surface!oflthe!skin! is! Irregular! the!angular!distribution!oflthe!skdn!increases.!This 
30 isishown schematically in!Figure!14. 

The use oflgel addresses this problem since!the!gel!can!fill!irregularivoids!that are!created!by the!skin!structure. 
Theitransparentipl ate! that!covers!thegeland!thegelitselflwillp ref e ra b ly h a ve! a n! i n d ex! of! ref ra cti o n! th at! i s! cl ose! to! th at 
oflthe! skin.! This! is relatively! easy since! the! index! of! refraction! of! the! skin! is! of! the order of! 1.4! in! the visbleland the! near 
i nf ra red .! M ost! g I as ses! a n d! tra n s pa re nt! p I a sti cs! h a ve! i nd i ces! of! ref racti o n! th at! a re! of! t he! ord e r! of! 1 . 5! w h i ch! I s! cl os e 
35 enough.! The! index of! refraction! of water! is of the! order of 1 .34! inithis! range.! Water based gels! will have similar! Indices 
of! refraction.! The! index! can! be increased by! proper! additives.! The! plate! and! gel!thus!act! as! a!flatJsurface!for!the!light!to 
impinge! upon. Because the gel and plate! have!an!lndex!of!refraction!close!to that ofthe!skin!there!isvery!little!scattering 
at! the! gel! plate! and! gel-skin! interfaces. 

The! use! of! a! gel! has! been experimentally successful! in! the! treatment! of! leg! veins! and! other! benign! vascular! lesions 
40 of!the!skin.!The!treatmentswere!canedout!with!thef|ashlamp!described!above. However,! in alternativelembodiments 
a! different! incoherent! source, !ori a! coherent! source,! maybe! used. 

During! operation! light! is! typically! applied! to! the! skin! in! a! sequence! of! three! pulses! with! short! delays between the 
pulses.! This! mode! of! operation! is! used! in! order! to! take! advantage! of! the! faster! cooling! oflthe! superficial,! thin! (less! than 
0.1 m m! thick)! epidermis! com pared! to! the! larger! and! deeper! vessels! typical! of! leg! veins.! The! gel! in! contact! withithe! skin 
45 coolsithe! epidermis! duringithe! waiting! period between the! pulses.! This! cooling! reduces! significantly!the!damage!to!the 
epidermis. 

In! accordance! withithe! invention,! light! is! applied! to! the! treated! area! in! either! a! long! pulse! or! in! a! sequence! of! pulses 
separated! by! a! delay.! The! delay! and/ori pulse! length! is! preferably! controlled! by! the! operator! to! provide! enough! heat! to 
a ccomplish! the! desired! treatment! butinotJ enough! heat! to! damage! the! skin. 

so This concept wasitested! with largeand deeplvessels (oflthe orderof!2mm!in diameteriand 2mm deep). A' thin layer 
of! commercial! water based! ultrasound!gel (1 to 2mm!thick,! 'Aqua! dear' gel!made!by Parker! USA)! was appliedion the 
skin.!A 1 mmithin glass windowiwas used!to!generate!a flat layeiiofthe gel. The!light!from!the device!passed through 
the!thin!glass andthe gel and!into!the!skin.!Care!was!taken!to!assure!than!no!airbubbles exist! inithe gel. Thisiconfigu- 
ration! was! tested! with photon fluences!ofl30!to!50J/cm 2 Coagulation!and!clearance!of the vessels was obtained without 

es causing!damage!to!the!skin.!This! ls!contrary!to!simllar!trials!in!which!gel!was! not! used and in!which!fluences!of!20J/an 2 
withithe same! pulse structure caused burns!oflthe!skin. 

The! epidermis! has! aithickness! of approximately 0.1! mm! and! a cooling ti me!ofabout!5 msec! Thus,! to avoid burning 
delays!greaterthan5msec are used. 
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Inanotherialternative embodimentithe!spectrum!oflthe!lightiused!for!treatmentiis controllediby! controlling theivolt- 
age!and/or current applied!to theflashlamp. As! is! well! known! inithe! artjthe! spectrum! ofl light produced!by!a!flashlamp 
lsdependent'on!the!voltage!and current providedto theflashlamp. According to this em bodiment the! input voltage!and 
current'is!selected!to!provide!a!desired!treatment'spectrum.!The!appropriate!voltage!and!currents!may! be! determined 
5 experimentally!for!each!flashlamp!used.!For!example,!a!flashlamp!current'ofl200!a p ps!produced!the!spectra'shown!in 
Figure!17.!Similarly, the!spectra of Figure 18!was produced using a!tlashlamp current of?380 amps.!The spectra'of Fig- 
ure! 17!shows!a!significant enhancement ln!thewavelength!range of 800 1000nm. Suchia spectra is particularly useful 
fori treatment* ofl large! vessels. 

The! different* currents and!voltages!used!to control!the!output spectra!may!be!obtained usingia group!or!bank!of 
ro capacitors! that! are!capable!of!being!connected! in! either!series!or! parallel! as! part!oflthe!power!source!for!the!flashlamp. 
Aiseries connection will provide a relatively! high!voltage!and! high current thereby! producing a spectra having energy 
in! a! shorter wavelength, such as! 500 650 nm. Suchia series connection will be!more!appropriate!for!generating shorter 
pulses! (1 to! 10 msec! e.g.)! usefulifortreatmentiof smaller! vessels. 

A parallel connection! providesia lower current and!voltage,!and thus produces!an output spectra'of a longerwave- 
rs length,!such as!700-1000 nmJSuch aispectra is more!appropriatefortreatment!of larger vesselsiend is!suitable!foripro- 
ducing longer pulses!(in!the!range!of 10-50 msec,!e.g.).!The selection!of series or!parallel!connections!may!be!done 
usingia relayior setsiof relays. 

In one!alternative!embodimentthe!pulse!forming! network! of! Figure! 3! Is replaced! by!a GTO driver circuiti 121 ,!such 
as! that! shown! in! Figure! 19.! The! driver! circuiti of Figure 19! uses! a! switch capable! of! being turned both! on! and off to con- 
20 trolithe application of power to! theiflashlamp.! While! this alternativeiembodiment will be!described with respect!to!aGTO 
being! used! as the! switch,! other! switches capablelof! being turned both!on!and off,!such as IGBTs, amy!also!be used. 

Referring! now! to! Figure 19,! driver! circuiti 121! includes! a! high voltage source! 122, a'capacitor!bank!C5,!an inductor 
L5. a!diode!D5, a!switch!GT01,!a diode D6,!a diode D7,!a!resistor R5,!a!capacitor!C6, a!GTO!trigger generator TR1,!a 
resistor M. 3 capacitor C7 and!aflashtubetrigger!generatorTR2.! These components are connected!to!flashlamp!14 
as and!serve!to! provide the power pulses toiflashlamp 14. Theiduration anditiming 0 f the!pulsesare!provided In accord- 
ance withithe description herein.! Driver! 121 operates inithe! manner described below. 

High! voltage source 122 Is connected across capacitor!bank C5,! and! charges capacitor!bank!C5!to!a!voltage suit- 
able!for!application!to!flashlamp!14.!Capacitor!bank!C5! may! be! a' comprised! of! one! or? more! capacitors ,!and! may! be 
configured inithe! manner described!above. 
ao Priorto illumination oflflashlamp!14!flashtube trigger generator!TR2! breaks down flashlamp!14!and!creates a! rela- 

tively! low impedance channel!therein.!Afterithe flashlanp! breaks down, capacitor C7!dumps!currentilnto!flashlamp!14, 
further! creating! a! low impedance channel! in! flashlamp! 14.! Inithis! manner! a predischarge is provided!that! prepares 
1 lash lamp! 14! fori the powerpulse. Capacitor C7 provides!a small!amountioflcurrentirelative!to capacitor! bank CSJAfter- 
natively,! driver! circuiti 121 mayioperate in! a! simmer! mode,! whereinithe predischarge is! noti necessary. 
35 Thereafter, switch! GT01! is!turned!on via!a pulse!from!GTO!trigger generator TR1 , completingithe circuit between 

tlashlamp!14 and!capadtor!bank C5.!Thus, capacitoribank C5!discharges!through!flashlamp!14.!An! inductor! L5 may!be 
providedito! control! the! rise! time! ofl the! currentithroughiflashlamp! 14.! Inductor! L5! may! include! an! inherenti resistive! com- 
ponent,! not! shown. 

Afteria length of!time!determined!by!the!desired!pulse!width!has passed, GlOitrigger generator TR1 provides a 
co pulse! to!switch!GT01,!turning! it off. A!control!circuitidetermines!the!timing!oflthe!triggeripulses!and provides themiin 
accordance! with! the! desired! pulse! widths! and! delays. 

A!snubbericircuitcomprised!ofdiode D6, resistor R5, and!a!capacitor C6 is!provided!foriswitch!GTGi.!Also, diodes 
D5!and! D7!are! providedito! protecti switch! GT01!from! reverse! voltages.! Resistor! R7! is! provided! in! parallel! with! flash lamp 
?4 to! measureithe! leakage! currenti ofl switch! GT01 ,! which! can! initurn be used to! make! sureithat! switch! GT0 1! isioper- 
45 sting! properly. 

A!possible!addition!to driver circuiti 1 21! is!to provide an!SCR!or!other!switch!in!parallel!with capacitor! bank C5.!This 
a I lows! th e! d i sch a rgeiori resetting! ofl capacitor! bank! C5! without! turning! on! switch! GT0 1.! Other! modifications! may! be 
made,! such! as! providing! the! circuiti with! a! serial! trigger,! ratherithanithe! parallel! trigger! shown.! Anotheri modification! is 
to! use! the! driver! circuiti with! a! laser! rather! than! flash lamp! 14. 

so Proper! use! ofl pulse! widths! and! delays! can! aid! in! avoiding! burning! the! epidermis.! The! epidermis! has! a! cooling! time 

ofabout5 msec,!while large! vessels! have a longericooling ti m e(a 1 mm!vessel!has!a!cooling!time oflabout'300 msec). 
Thus,!during a pulse oflduration!longer!than!5 msecthe!epidermis canicool down butthe vessel! will! not. Foriexample, 
fortreatment'of a large vessel! (such as!one!having!a!diameter!oflabout 1mm)!a!pulseof!100 cosec!will!allow!the skinito 
cool,! butithe!vessel!will! noti cool. 

5s The same effect may!be!achieved usingitrains of pulses.!This!is!useful!when!it!is!notipractical!to provide! a single 

long!pulse!to!the!flashlamp.!The!delays between pulses!are!selected!to!allow!the!skin!to!cool,!butito! be!too!shortiforithe 
vessel to cool.iThus,! larger vessels can be!treated with longer!delays!because!they!have!greater!cooling times. Small 
vessels! coo I quickly and long delays are! not effective.! However,! they! a I so! need less energy!and can be!treated effec- 
tively!in!a! single! pulse. 
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Typicalidelay times are inlthe range!ofl20 msec to! 500 msec. More!specifically,!delays!oflbetween!100-500 msec 
are!effective!for!vessels! largerithanM! mm! in! diameter.! Delaysiofl between!20-100!msec!are! effective! foiivessels! between 

0. 5.and!1!mm!in!diameter.!Delays!of!between!10-50!msec!are!effective!for!vessels!between!0.1!and!0.5!mm!in!diameter. 
Asingle pulse!having!a width! in thelrange ofl 1 meekto20 msec! is effective for vessels! less than 0.1 mmdiameter. 

Additionally ,!delays!should! be! selected! according!to!skin! pigmentation.! Da rkeiiskin! absorbs! more! energy!and 
needs!more time to cool:!thus longeiidelays are needed. Lighterfskin absorbs!less!energy!and!can!accommodate 
shorter delays. 

It has!beenfound!thati multiple pulses!avoids"purpora7or the explosioniof smell vessels In or!dose!tothe!skin.!The 
use!of!pulses!to!avoid burning and!provide!cooling will be!effective!forlightprovided!by!lasers!or otherisources as well, 
m Another!alternative!embodiment!includes the! use of a! microprocessor or!personal!computer!to control!the!flash- 

lamp.! The! microprocessor! can be! used to! provide! theitimingifunc^ons and! prompt theitriggeri signals descrbed!above. 
Additionally, In one!embodimen1!the!microprocessor Includesia user! interface, such!as!a!screen and! keyboard, buttons, 
mouse, orfother Input device. The! microprocessors have information! stored! therein! that aidsinithe selection ofitreat- 
menti parameters. 

s Foriexample, ii the condition being treated!is!a!port!wine!stainsskin!type IH,!the!physician!inputs!thaticondition!into 

the! microprocessor.! The! microprocessor! responds! with! suggested! treatment! para meters,! such! as! using! a! 570nm! cut- 
offl fitter,! a doubleipulse withia delay!of!50 msec and!a fluence of!55J/cm 2 , The!physician!can!alterthese suggested 
parameters, buti need! not refer backito! operating guidelines forisuggested parameters. 

The!microprocessor!or!personal!computer!can also!be!used to! create! and! store patient information! in a'database. 

za Th us,! pastitreatmenti information! such! as! condition! being! treated ,!treatment! parameters,! number! ofl treatments,! etc.! is 
stored and may be recalled!when!the patient is again treated.iThis aids In providingithepropertreatment'tothe patient. 
Add itionally,!the! data base! may include photographs!of the patient's condition beforeiand after each!treatment. Again, 
this! aids! in! record! keeping! and! determining! what! treatments! are! most! successfu I! fori given! conditions. 

In addition!to!the treatments descrbed!above the devices!and!methods!described! herein! maybe!used!to treat! other 

25 conditions. For example,! psoriasis! and! warts have been successfullytreated. Similarly, skin! rejuvenation! (treating wrin- 
Ides) should beieffective. Theiinventorifurthercontemplates using!this!invention!to!treat! hemorrhoids, throat lesions, and 
gynecological! problems! associated! withivascular! malformations. 

Thus,! it! should! be! apparent!that!there has! been provided! in accordance withithe! present lnvention!a!ilashlanp!and 
couplerithatifully!satisfy!the!objectives and!advantages setiforth above. Althoughithe invention!has!been!described in 

sa conjunction! with! specific embodimentsJthereof, it! is evident that! many alternatives,! modificationsiand! variations will be 
apparentito!those skilled!in!the!art.!Accordingly,!itiis intended!to!embrace all!such!alternatives, modificationsiand vari- 
ations! thati fall! within! the! spirit! and! broad! scope! ofl the! appended! claims. 

Claims 

s5 

1. A!therapeutic!treatmentidevice!foritreating! a! treatment! region! comprising! an! incoherent,! pulsed,! light! source! oper- 
able! to! provide! a! light! output! fori treatment,! a! power! supply! connected! to! the! light! source,! a! housing! Including! a 
reflector! and! having!an!opening,!wherein!the! light! source! Is disposed withinithe! housing!and!the! reflector! reflects 
lightifrom!the!light!source!to!the opening,!and!a!flexible MghtJ guide! is disposed! between theopening!andthe!treat- 

40 ment! region,! whereinithe! light! guide! receivesithe! incoherent! lightifromithe! light! source! and!transmits!the! lightitoithe 

treatment? region andithe! light! source,! reflector! and! light! guide! cooperateito! provide between!6!and!100 J/cmz!to 
the! skin,! characterized! in! that 

the! light! guide! transmits! light! having! a! predetermined! angular! divergence,! whereinithe! divergence! is 
selected! in! response! to! a! desired! treatment! depth. 

45 

2. Theitreatment! device! of! claim! 1!furtheri characterized! in! that: 

a!first!interference!fitter!ls disposed! between the! light! source! andithe! light! guide;! and 
a! second! absorbing! fitter! is! disposed! between! the! first! fitter! and! the! treatment! region. 

50 3. Theitreatment! device! of! claim! 3!furtheri characterized! in! that 

the! light! guide! is! made! from! a! material! including! an! absorbing dye and! isithe! second absorbing filter. 

4. Theitreatment device ofl claim! 1 'further! characterized! in! that! the! reflector! includes! a! reflecting! portionithat! is! a! por- 
tion! ofl a! circle. 

55 

5. The! treatment! device! ofl claim! 4! furtheii characterized! in! thatithe! reflecting! portion! is! relatively! closeitd the! light 
source. 

6. Theitreatment device oficlaim 5 further characterized in! that aicooling gel! is disposed overitheitreatmentiarea. 
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7. A! method!foritherapeutically!treating!a!treatment!region!comprising!the!steps!ofl producing! lncoherent,!pulsed,!light 
in!a!housing,! reflecting!the!lightito!an!opening! in!the!housingJtransmitting!the!light!from!the!opening!to!the!treatment 
area!through!a!lightiguide!to!provide!between!6!and!100!J/crn2 to!the!skin,!characterized!ln!that: 

the!ligh1!guide!transmits!light!such!that!the!light!has!a!predetermined!an 
i s! selected! in! response!to!a!desired!treatment!depth. 

8!.!The!treatmentimethod!oflclaim!7!further!characterized!in!that: 

the!ligh1!is!filtered! by!a!firstiinteiference!filter,!between!the!lightisource!and!the!ligh1!guide:!and 
the!lightiis!filtered!by!a!second!abso 

9. The!treatment'method!oflclaim!8!further!characterized!in!that 

the! light! isifiltered! by!the!second!absorbing!filter!as!the!light!passes!through!the!light!guide. 

10. The!method!device!oflclaim!7!further!characterized!in!that^he!step!oflreflecting!includes!the!step!oflreflec 
lightiby!a!reflector!that'a!portion!ofla!reflecting!surface!is!a!portion!ofla!circle. 

11. The!treatment'method!oflclaim!10!furth^ 
source. 

12. !The!treatment! method! oflclaim!7!further!including!the!step!oflapplying! a! cooling! gel!to!the!treatment!area. 
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